Introduction
R ecent studies suggest that in some high-income countries childhood obesity levels are stabilising (11, 12) , but are increasing in Europe, in particular in countries most affected by the recession (11) . In 2012, at the height of the recession, more than 20% of 5-17-year-olds were overweight or obese in Spain, Greece, Ireland, Italy, Slovenia, Portugal and the United Kingdom and more than 35% in Italy and Greece (based on International Obesity Task Force (IOTF) criteria) (11) . Several studies have found that lifestyles and patterns of food consumption change during a recession, including a lower purchase of fruit and vegetables and increased consumption of processed food that are high in saturated fat, salt and calorie density (6) (7) (8) (9) (10) (11) .
There is also substantial evidence that socio-economic status is strongly associated with the risk of childhood obesity; however, the association is complex (1, 2) . Originally, studies suggested that obesity was mostly prevalent in children of higher socio-economic status groups who had greater access to energy-dense diets (2) . However, since 2000, in high-income countries, this trend has reversed and childhood obesity has become much more prevalent in deprived population groups (3, 4) . Recent research has also shown that although the increase in obesity rates among higher socio-economic status groups may have moderated, rates among lower socio-economic status groups are still increasing (13, 14) .
The economic downturn started in Ireland in early 2008; however, unemployment rates only began to rise significantly in 2009 (5.7% in 2008-12% in 2009). Moreover, long-term unemployment started rising significantly after 2009 and the ratio of long-term unemployment to total unemployment increased in 2010 and 2011. These figures reflect that the actual economic effect of the recession on the Irish population primarily took place in the years 2009-2011, while the recession had already officially ended by early 2010. Taking into consideration both the timing of recession and the slightly delayed effects it had on the population, we understand 2009 to be the core height of the recession (15) .
The aim of this study was to use data from a large nationally representative longitudinal observational survey of children from the Growing Up in Ireland (GUI) study to investigate the relationship of the recession and social class with obesity levels at 3 years of age. We hypothesise that during the recession, early childhood obesity continued to worsen in lower socio-economic class families compared with higher socio-economic class families, contributing to an increase in socio-economic inequalities following the economic recession.
Methods
This study is reported according to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines for observational studies (16) .
Study population
The GUI infant cohort was used. A sample of children born in Ireland between December 2007 and June 2008 was selected from the Child Benefit Register, which is provided to everyone by the Department of Social Protection. A systematic selection procedure, pre-stratified by a number of variables and based on a random start and constant sampling fraction, was used. A total of 11 134 mothers agreed to take part in the first interviews (a response rate of 69%) when the children were 9 months old. The completed sample was statistically reweighted on the basis of 11 external population estimates. Between January and August 2011, a total of 9793 mothers participated in the second wave, at 3 years of age, amounting to a 13% dropout rate mostly because families had moved. The sampling methods have been described in further detail elsewhere (17) .
Data collection
Height was assessed using the Leicester portable height measure. For weight measurements, the Class III SECA 835 portable electronic weight scale was used in children and the Class III medically approved SECA 761 flat mechanical weight scale in parents. More information regarding the questionnaires used and the measurements taken can be found elsewhere (17) (18) (19) .
Outcome variable
We defined overweight among children as a BMI !85th percentile and <95th percentile, and obesity as !95th percentile of World Health Organization (WHO) BMI-for-age weight standards among the age groups and sexes (20) . We did not use the IOTF standards as those cut-offs only exist for 2-18-year-old children and adolescents (21) . Infants with missing weight or length at 9 months or 3 years of age were excluded from the analysis. Overall, the degree of missing data was very small (<1%).
Independent variables
A large number of variables were collected from the child's mother when the child was 9 months and 3 years of age, respectively. The following covariates were selected for inclusion in the analysis based on recent literature: child gender, gestational age at birth, birth weight (22) , parity (single child, child with siblings) (23) , rapid weight gain during the first 9 months of life (22, 24) , breastfeeding duration (22) , month when solid foods were introduced (22) , average daily time watching television and hours of sleep (24) , maternal country of origin (25) , maternal education (26, 27) , household income (27) , regional classification (urban/rural) and household type (single vs. two-caregiver household) (23) . Retrospective information was included regarding gestational diabetes and maternal weight gain (22) , perceived level of stress (28) and smoking during pregnancy (22, 26) . Furthermore, maternal and secondary caregiver weight status (BMI <25 or BMI !25) (22, 26) were included in the analyses.
Family socio-economic position is represented by household social class (26) . This was measured using the Irish Central Statistics Office's social class schema and was categorised according to the International Standard Classification of Occupations 1988 (ISCO88) as 'professional', 'managerial and technical', 'non-manual', 'skilled manual', 'semi-skilled', 'unskilled' or 'never worked'. In the case where both caregivers worked in different occupation groups, the higher class was reported. Where the individual was currently not in employment their previous job was used.
In wave 2, the self-reported perceived effect of the economic crisis on the family was recorded as 'no effect at all', 'a small effect', 'a significant effect' or 'a very significant effect' by the mother. We define the data gathered in wave 1 as pre the height of the recession in Ireland, 'pre-recession', and the data from wave 2 as post the height of the recession 'post-recession'.
Data analysis
In this study, only primary caregiver questionnaires, where the mother was the infant's primary caregiver in wave 1, were analysed (the mother was not the primary caregiver in <1% of cases).
Initially, prevalence rates of obesity and overweight were calculated for infants in waves 1 and 2. McNemar's test was used to investigate if there was a shift over time in obesity and overweight for various social classes. Rates of obesity and overweight post the height of the recession were also investigated for the various categories of perceived recession effects on families.
A logistic regression model was used to investigate the effect of the recession and social class on obesity at 3 years of age, adjusting for risk-factors of childhood obesity and baseline measures mentioned above. Two additional models also investigated the presence of obesity at age 3, after the height of the recession, for those who had not been obese at 9 months (model 2), and obesity at age 3 for those who had been obese before the height of the recession (model 3). In these Markov-type transition models, the children were stratified by their 9-months weight status because the rising trend in childhood obesity suggests an increasing incidence over time. Additionally, the likelihood to remain overweight in later life has been shown to be high once children have reached that level (29) . All models were also run for overweight and obesity combined. All analyses were conducted using Stata 11 (30) .
Results

Prevalence of obesity
In this cohort of Irish infants (n = 10 733), 38.9% were overweight or obese at the age of 9 months, and 43.1% were overweight or obese when they were 3 years old (table 1) . This is a relative increase of 10.8% between the two waves. Almost 20% of the Irish infants were obese and this had increased to almost 23% by the time they were 3 years old (table 1) .
Social class, recession effects and obesity Figure 1 shows the perceived recession effects for all social class groups. In all social classes more than 50% of families experienced a significant or a very significant effect of the recession. Significant recession effects were highest in the managerial and technical class (41%) while very significant recession effects were mostly reported in the skilled manual, semi-skilled, unskilled and 'never worked' classes (!30%). Among all social classes, the professional class reported the highest rate of a 'small' recession effect (39%). Figure 2 shows the rates of obesity in wave 1 (pre-recession) and wave 2 (post-recession) for all social classes. The rates increased significantly during the recession for all social classes except 'never worked'. In 2011, after the height of the recession, the highest rates were seen in the 'never worked' (27.4%), unskilled (26.1%) and semi-skilled (25.6%) classes. The highest increase was seen in the unskilled class (10.1%).
Looking across social classes there was evidence of a moderate relationship between the percentage of families reporting a significant or very significant crisis effect and the change in obesity rates (Spearman's rho = 0.56, P = 0.27). However, looking at the recession effect only (no effect, a small, a significant or a very significant effect), and ignoring social class, an increasing trend in the percentage of obese children can be seen with rising severity of the recession effect (results not shown). The incidence of obesity was lowest among children from families who had not perceived a recession effect at all (13.7%) and highest among those from families who had experienced a very significant effect (17.6%). No such gradient can be seen for the incidence of overweight only.
Logistic regression analysis: child overweight and obesity at 3 years of age (model 1) Table 2 shows the adjusted logistic regression results (n = 8066). Results for all risk-factors and baseline measures are not shown. Female children were 1.53 (95% CI: 1.32-1.77; P < 0.001) more likely to be obese at 3 years of age. Each additional kilogram of birth weight increased the risk of obesity at 3 years 2.67 times (95% CI: 2.29-3.12; P < 0.001). Later gestational week decreased the risk of obesity at 3 years by almost 6% (95% CI: 0.90-0.99; P = 0.011). Maternal Asian, but not Chinese, background increased the risk of obesity at 3 years by 2.00 (95% CI: 1.15-3.47; P = 0.014). Living in an urban region at the age of 9 months was associated with a 0.85 (95% CI: 0.74-0.98; P = 0.025) decrease in risk of obesity at 3 years of age. Children whose mothers had smoked during pregnancy were at a 1.50 (95% CI: 1.30-1.73; P = 0.009) increased risk of obesity at 3 years. Children whose mothers were overweight or obese were 1.50 (95% CI: 1.30-1.73; P < 0.001) times more likely to be obese and those whose secondary caregivers were overweight or obese were 1.32 (95% CI: 1.11-1.57; P = 0.001) times more likely to be obese at 3 years of age. Children who were obese at 9 months were 2.01 (95% CI: 1.68-2.41; P < 0.001) times more likely to be obese at 3 years of age, and a rapid increase in weight from birth to 9 months increased the risk of obesity at 3 years by 2.25 (95% CI: 2.05-2.45; P < 0.001). Having adjusted for the covariates in the regression models, the interaction between social class and the effect of the recession was not statistically significant. Furthermore, there was no social class effect. However, the association between the perceived recession effect and childhood obesity at 3 years was significant. Families who perceived a very significant crisis effect were 1.22 (95% CI: 1.02-1.46; P = 0.029) times more likely to have an obese 3-year-old child, compared with those significantly affected.
Logistic regression analysis: transition models (models 2 and 3)
Investigating the transition to obesity at 3 years for those who were not obese at 9 months (n = 6490) showed no association with social class; however, those children whose families reported a perceived very significant recession effect were 1.27 (95% CI: 1.03-1.58; P = 0.026) more likely to be obese at 3 years of age compared with children whose families had experienced a significant effect (model 2). In children who were obese at 9 months (n = 1576), there was no association with social class or the perceived recession effect (model 3).
All models were also run for overweight and obesity combined showing no association with social class and inconclusive results for the perceived recession effect (results not shown).
Discussion
In this cohort of Irish infants, prevalence rates of obesity (and similarly for overweight) increased from 19.5% in 2008 to 22.7% in 2011 which is supported by previous Finnish, German and Japanese studies which found increasing levels of overweight and obesity in times of recession or economic slowdowns (31) (32) (33) . Increases in childhood obesity levels were seen in all social classes (unadjusted). The most dramatic increase in obesity (unadjusted) was 10.1% in the unskilled class (P 00.02) and 6.8% in the nonmanual class (P < 0.001) for overweight and obesity. In contrast to our expectation, having adjusted for various factors, there was no evidence of a difference in obesity and overweight of 3-year-old children for various social classes following the height of the economic recession. However, obesity (but not overweight) in 3-year-old children was higher for families who perceived a 'very significant' crisis effect on their family, compared with those significantly affected. Children from families with a very significant effect were 1.22 (95% CI: 1.02-1.46; P = 0.029) times more likely to be obese at 3 years of age, which supports some previous studies (31, 34) . Conversely, a recent Greek study following children of different school ages for 2.5 years found declining overweight trends in schoolchildren during times of recession (35) . The results of this study, and our study, indicate that changes might differ for overweight children and obese children, as well as for different age groups. Studies conducted in the USA by Ruhm (36, 37) reported that temporary economic slowdowns are beneficial for health, which is not supported by the findings of this study.
When adjusting for covariates, we did not find an effect of social class on obesity levels in 3-year-old children. The findings in this study deviate from trends of childhood obesity, family social class and other measures of family socio-economic status which were observed in high-income countries (3, 4) . In Ireland, these socioeconomic trends do not appear to be as prominent during times of national economic downturn as in stable economic conditions, rejecting the study's hypothesis. In the multivariate analysis, we adjusted for factors generally associated with certain social classes, perhaps partly explaining the reason why the effect of social class Figure 1 Perceived recession effects across social class groups (20.4) seen in the univariate analysis was no longer seen in the multivariate analysis. When we stratified for the children's obesity status at 9 months of age, in children who had been obese at 9 months, there was no evidence of the association between obesity, social class and the recession effect on the family. However, in children who had not been obese before the peak of the recession, there was no association with social class, but there was a 27% higher risk of being obese at 3 years if their families had been very significantly affected by the recession. In this study, beyond the known early life risk factors, the extent of the perceived effect of the economic crisis on the family was the only factor associated with increased odds to develop childhood obesity. A potential factor contributing to the higher risk of childhood obesity found in families most affected by the Figure 2 Obesity rates pre-and post-recession for all social class groups Table 2 Odds ratios (OR) and 95% confidence intervals (CI) for three adjusted logistic regression models: (1) obesity at 3 years of age; (2) transition model 1: the presence of obesity at age 3, after the height of the recession, for those who had not been obese at 9 months and (3) transition model 2: obesity at age 3 for those who had been obese before the height of the recession Ã Adjusted for child gender, gestational age at birth (very early (<33 weeks), somewhat early (33-36 weeks), on time (37-41 weeks) and late birth (42+ weeks)), birth weight (in grams; <2500, 2500-4000, >4000), parity at 3 years (single child, has siblings), rapid weight gain from birth to 9 months (SD-score > 0.67), breastfeeding (none, <3 months, 3-6 months or >6 months), when solid foods were introduced (<3 months, 3-4 months, 4-5 months, 5-6 months or >6 months), the child's average number of hours sleep per day at 3 years, the child's average daily time watching television or DVDs at 3 years, maternal country of origin (Irish, Irish traveller, non-Irish white, African, Other Black background, Chinese, other Asian background, mixed or other), maternal education at 9 months (lower secondary education or less, higher secondary education, post-secondary education, third level education), household income in quintiles at 9 months, maternal and secondary caregiver weight status at 9 months (BMI <25 or BMI !25), maternal weight gain in pregnancy (<12 kg, 12-15 kg or >15 kg), gestational diabetes (yes/no), regional classification (urban/rural), household type (single vs. two-caregiver household) at 9 months, perceived maternal stress during pregnancy (a great deal, some, not much, none at all) and maternal smoking during pregnancy (yes/no).
recession might be changes in food quality and consumption identified in earlier studies (6) (7) (8) (9) (10) (11) . As a possible solution, policies promoting the substitution of essential high-quality foods, such as fresh fruit and vegetables, might be needed for families with young children across all social classes during periods of economic uncertainty. However, the factors behind the increased risk of childhood obesity during economic recession should be investigated further, including other age groups and countries, in order to identify mechanisms and potential policies that can most effectively support healthy weight in children. In economic terms, intervention programmes aimed at preventing obesity among young children may have a positive impact (6) and an expected return on investment of 6-10% . This study contributes to the identification of population (infant) groups as foci for obesity prevention programmes.
There are a few limitations to this study. First, the cohort was born in 2007 and we could not look at obesity levels before 2008. However, the height of the recession and its impact had not fully hit Ireland at the time the wave 1 data for this study were collected in 2007 and 2008 (15) and therefore we expect a difference between this time period and the height of the recession.
Second, there may be different understandings of the perceived recession effects (very significant, significant and small crisis effect) which may limit the accuracy of this self-reported variable. However, on investigation, higher perceived recession effects in this cohort were related to a higher decrease in income, more job losses, reduced working hours and reduced affordability of luxury and basic goods, compared with lower recession effects. Similar trends were seen within each social class, except for the 'never-worked', where losses across crisis effect categories were similar.
Third, while the dataset offers indicators of food consumption for the 3-year-old children, such information was limited to retrospective self-reported data and basic foods such as bread, potatoes and rice were not reported. While it is likely that a change in food consumption patterns is related to the higher incidence of obesity, the dataset does not provide enough data to investigate this.
Additionally, there is a risk of measurement and recall bias embedded in self-reported information of covariates. However, a major strength of this study is the large and representative nature of the sample, which equated to approximately one-seventh of all births in Ireland in 2007 (38) .
Conclusions
In conclusion, obesity and overweight increased among young children in almost all social classes during the recession. The most dramatic significant increase in obesity was 10.1% in the unskilled class. In contrast to our expectations, we found that during the height of the economic recession early childhood obesity did not worsen in families in lower socio-economic classes compared with higher socio-economic classes. However, when investigating the perceived impact of the economic crisis on the family, we found inequalities in early childhood obesity with varying degrees of the recession effect.
The findings of this study may be of particular interest to healthcare policy makers in economic crisis affected countries who struggle with budget cuts and negative health outcomes. Especially in times of crisis, an emphasis on multisectoral multilevel prevention programmes targeting very young children may be important to prevent obesity later in life (6, 39, 40) . Prevention programmes in very young children and their families should be implemented on a population level rather than to known high-risk groups only, as the increase in the prevalence of obesity during a recession is not limited to specific social groups. It is important to extend this study to other countries, other age groups and to include more information related to the nutrition and general lifestyles of children, as well as to changes in these during a recession. However, the results can be used as a basis for future studies in this field and as a guide to decision making in healthcare.
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Keypoints
In this nationally representative cohort of Irish infants, prevalence rates of obesity increased from 19.5% in 2008 to 22.7% in 2011 (WHO criteria). Increases were seen in all social classes (unadjusted) and ranged from 2.3% to 10.1%. Following the economic recession, there was no evidence of a difference in obesity of 3-year-old children for various social classes. Obesity in 3-year-old children was higher for families who perceived a very significant crisis effect on their family, compared with those significantly affected. Prevention programmes in very young children and their families should be implemented to all social groups; however, the (subjective) perception of recession effects may be a useful indicator for health policy makers to identify children at the highest risk of developing obesity during an economic crisis.
